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OBJECTIVE: Intraabdominal adhesion formation and prevention is one of the major conflicts of 
modern surgery. We aimed to determine the effects of powdered gloves versus powder-free gloves and
hyaluronate/carboxymethylcellulose membrane (H/CMCm) in a rat caecal serosal abrasion model.
METHODS: Sixty wistar albino rats were subjected to a standardized lesion by caecal abrasion model. In
group 1, the procedure was performed with sterile powdered gloves. In group 2, the procedure was per-
formed with powder-free sterile gloves. The H/CMCm was applied directly to the abraded caecum in
group 3. Formation of adhesions were determined on one half of the animals from each group on the 7th post-
operative day, and on the other half on the 15th postoperative day.
RESULTS: There was a statistically significant difference between the adhesion scores on day 7 and 15 in
groups 1 and 2 (p = 0.005, p = 0.007). There was no significant difference in adhesion scores on day 7 and
15 in group 3 (p = 0.145). The mean adhesion score was significantly higher in group 1 (powdered glove
group) than group 2 (powder-free glove group) and group 3 (powder-free glove plus H/CMCm) on post-
operative day 7 (p = 0.001). However, no significant difference was found between groups regarding 
adhesion scores on postoperative day 15 (p = 0.607). The comparisons of group 2 versus group 3, both on
postoperative day 7 (p = 0.051) was not statistically significant, whereas a significant difference was
detected between group 1 versus group 2 and group 3 on postoperative day 7 (p = 0.013, p = 0.001).
CONCLUSION: Our experiment shows that the use of powder-free gloves may be as beneficial as
Seprafilm in preventing postoperative adhesion formation. [Asian J Surg 2007;30(2):96–101]
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Introduction
Intraabdominal adhesions are serious complications 
following abdominal and pelvic surgery, which remain a
common circumstance resulting in enormous costs in terms
of patient morbidity, mortality and medical expense.1
Adhesions are reported to be the reason for about 2% 
of all surgical admissions and 3% of all laparotomies in 
general surgery.2 Previous intraperitoneal surgical inter-
ventions are known to be the most common cause of intra-
abdominal adhesions with an approximate incidence of
80–90%. Inflammatory causes are responsible for 5–20%
of adhesions and the only remaining 2–5% is considered
to be congenital.3 Postoperative adhesions are stated to
account for 40% of all cases of intestinal obstruction and are
reported to be the most common cause of small intestinal
obstruction with an incidence of 65–75%, which in turn is
probably the most severe consequence of adhesions.4–6
Intraperitoneal surgery, and presumably its inherent
mechanical or physical stimulus, is a well-known risk factor
for the development of postoperative adhesions. However,
in addition, intraabdominal surgery exposes patients’ 
viscera and peritoneum to varying degrees of contact with
surgical gloves and their powders.7
Hyaluronate/carboxymethylcellulose membrane (H/
CMCm) is transformed within 1 day into a gel and offers 
a complete covering of a tissue surface for a minimum of 
7 days, with slow decline in the following 28 days due to
resorption. H/CMCm is neither toxic nor immunogenic,
and thus, displays an optimal biocompatibility.8,9 Rat mod-
els and human trials have shown that incidence, severity
and extent of adhesions were reduced with H/CMCm.8,10,11
Surgical gloves were introduced in 1890 by William
Halsted to protect the hands of his scrub nurse from harsh
antiseptics with which she scrubbed her hands multiple
times a day. The gloves were so satisfactory that soon all of
his assistants were wearing them. The introduction of sur-
gical gloves poses a great value in prevention of surgical
infections. They are now an essential and necessary com-
ponent of all surgical procedures.7 However, starch powder
in surgical gloves was reported to have the ability to lead
to serious complications such as granulomatous peritoni-
tis, adhesion formation and potentiation of infection.12
The aim of the present study was to evaluate the effects
of glove powder on peritoneal adhesion formation and
compare the adhesion prevention effect of H/CMCm and
powder-free gloves in a rat caecal abrasion model.
Materials and methods
Ethics
All surgical procedures were conducted in accordance
with the regulations and approval of the Animal Ethics
Review Committee of the Faculty of Medicine of Zonguldak
Karaelmas University.
Animals
Animal rights oversight rules provided by Turkish Laws
were followed in the study. Sixty male Wistar-Albino rats
weighing 250–290 g were housed under constant temper-
ature (22°C) and humidity with 12 hours dark/light cycles.
They were housed according to standard guidelines.
Animals were provided with standard laboratory rodent
chow and water ad libitum pre- and postoperatively.
Experimental design
Three randomized groups that consisted of 20 rats each
were subjected to a standardized lesion by caecal abrasion
model. In group 1, the procedure was performed with ster-
ile powdered gloves (Beybi, Istanbul, Turkey). In group 2,
the procedure was performed with powder-free sterile
gloves (Beybi, Istanbul, Turkey) and in addition, H/CMCm
(Seprafilm®, Genzyme Biosurgery, Cambridge, MA, USA)
was applied directly to the abraded caecum in group 3.
Surgical procedure
All surgical procedures were performed using intramus-
cular thiopental anaesthesia (50 mg/kg) under sterile con-
ditions. The abdomen was shaved and prepared with
povidone–iodine. All animals underwent a laparotomy
through a 4 cm midline incision and the caecum was exte-
riorized. One square centimetre area of caecal serosa was
gently abraded until visibly damaged by scrubbing with a
sterile surgical blade by the same surgeon. In group 1, all
interventions were done with sterile powdered gloves. In
groups 2 and 3, procedures were performed with powder-
free sterile gloves. In addition, H/CMCm (Seprafilm®)
with a size of 2 × 2 cm was applied directly to the abraded
caecum before returning to its original location in group 3.
Before abdominal closure, groups were intraperitoneally
administered 3 mL of normal saline solution. The midline
incision was closed in two layers of 3–0 silk sutures in all
groups.
Relaparotomy and complete adhesiolysis were per-
formed on one half of the animals in each group on the
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7th postoperative day; thereafter, identical procedures
were performed in the remainder of the animals on the
15th postoperative day.
Measurement of adhesions
The surgeon of the operative procedures assessed the type,
tenacity and extent of adhesion formation and the diffi-
culty of adhesiolysis beginning from the incision using
the adhesion scoring system shown in Table 1.13,14 Total
adhesion scores were the sum of type, tenacity and extent
scores of lesions.
Statistical analysis
Statistical analysis was performed using SPSS version 10.0
(SPSS Inc., Chicago, IL, USA) for Windows XP. Data were
expressed as mean ± standard deviation values. The adhe-
sion score of each rat was determined to calculate the group
averages and standard deviations. The differences between
adhesion scores were compared with the Kruskal–Wallis
one-way analysis. Wilcoxon signed rank test was used in
the comparison of adhesion scores in a group. Mann–
Whitney U test and post-hoc Bonferroni test were used to
assess the adhesion score difference between groups. P val-
ues < 0.05 were considered to be statistically significant.
Results
None of the rats were found to have adhesions at the 
initial operation and no complications or deaths were
observed. There was a statistically significant difference
between the adhesion scores on day 7 and 15 in groups 1
and 2 (group 1, p = 0.005; group 2, p = 0.007). On the other
hand, there was no significant difference in adhesion
scores of day 7 and 15 in group 3 (p = 0.145). The mean
adhesion score was significantly higher in group 1 than
group 2 (p =0.013) and group 3 on the 7th postoperative day
(p = 0.001) (Figure 1). However, no statistically significant
difference was found between groups regarding adhesion
scores on postoperative day 15 (p = 0.607) (Figure 2).
The comparisons of group 2 versus group 3, both on
postoperative day 7 (p = 0.051) was not statistically signif-
icant. Whereas a significant difference was detected between
group 1 versus group 2 and group 3 on postoperative day 7
(p = 0.013, p = 0.001, respectively). All results are presented
in Table 2.
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Figure 1. Comparison of adhesion scores between groups on the 
7th postoperative day.
Table 1. Adhesion scoring system*
Score Type Tenacity Extent (%)
0 No adhesions – –
1 Filmy adhesions Easily fall apart 1–25
2 Firm adhesions Require traction 26–50
3 Require sharp Require sharp 51–75
dissection to be dissection
separated
4 More More 76–100
*Total adhesion scores were the sum of type, tenacity and extent
scores of lesions.
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Figure 2. Comparison of adhesion scores between groups on
the 15th postoperative day.
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Discussion
The occurrence of intraperitoneal adhesions after abdomi-
nal surgery is a well-known clinical problem. Postoperative
peritoneal adhesions are a major cause of intestinal obstruc-
tions. Postmortem evaluation of patients with prior sur-
gical interventions has demonstrated adhesions in 67% 
of patients.15 Menzies5 and Menzies and Ellis16 reported
that the incidence of adhesions approaches 100% in patients
with prior abdominal operations and/or prior intraabdom-
inal infection. Intestinal obstruction, which is the most
life-threatening adhesion-related complication, has a
reported mortality rate of up to 15%.17,18 It is well estab-
lished that any trauma to the peritoneum, for example,
mechanical, physical, chemical or infective, causes a
response on the peritoneal and serosal surfaces with sub-
sequent adhesion formation. Although sophisticated min-
imally invasive and laparoscopic techniques are used in
most surgical procedures, iatrogenic surgical trauma can-
not be avoided. Therefore, for prevention of adhesion 
formation, adjuvant treatment is necessary.
The pathogenesis of intraabdominal adhesion forma-
tion is a complex process consisting of several factors that
control inflammation, cellular proliferation and migration,
collagen and matrix synthesis, and interactions between
various cell types, blood and matrix components.19 Starch
powder of surgical glove is one of the most frequently
accused agent for intraabdominal adhesions.
Since the introduction of surgical gloves powdered
with starch particles, an increasing number of reports have
indicated that postoperative inflammation and granu-
loma formation may take place in the peritoneal cavity.
Starch was introduced to eliminate the incidence of talc
powder-related surgical complications, a goal only incom-
pletely realized. Starch also absorbs latex proteins and
thus provides a ready vehicle for aerosolization of latex
proteins. However, the exact pathogenic mechanism respon-
sible for these undesirable reactions to starch particles 
is not clear and may be diverse.20 Nevertheless, starch is
reported to be the main component of powdered gloves
that promotes adhesion formation as a result of direct
effects on the peritoneum.21
Many factors have been attributed to prevent or at least
reduce adhesion formation in terms of surgical technique
and adjuvant agents. Antiadhesive materials of different
forms currently attract great attention. Various agents for
Table 2. Statistical analysis of the results
Group 3 
Group 1 Group 2 (powder-free glove +
(powdered glove) (powder-free glove) Seprafilm®) p* p† p‡ p§
Rat 7th d 15th d 7th d 15th d 7th d 15th d 7th d 15th d
I 6 3 6 5 3 1
II 7 0 4 1 1 3
III 7 4 3 1 0 0
IV 7 0 3 1 1 1
V 10 8 5 0 4 3
VI 8 0 8 3 5 3 0.001 0.607 0.013 0.001 0.051
VII 8 6 10 4 0 1
VIII 9 7 3 3 3 1
IX 6 0 3 0 3 0
X 7 4 3 0 4 3
Total 75 32 38 18 24 16
Mean ± SD 7.5 ± 1.3 3.2 ± 3.1 4.8 ± 2.5 1.8 ± 1.8 2.4 ± 1.8 1.6 ± 1.3
p = 0.005 p¶ = 0.007 p# = 0.145
*Kruskal–Wallis; †group 1 versus group 2 (Mann–Whitney U test–post-hoc Bonferroni test); ‡group 1 versus group 3 (Mann–Whitney 
U test–post-hoc Bonferroni test); §group 2 versus group 3 (Mann–Whitney U test–post-hoc Bonferroni test); group 1, 7th day versus 15th day
(Wilcoxon signed rank test); ¶group 2, 7th day versus 15th day (Wilcoxon signed rank test); #group 3, 7th day versus 15th day (Wilcoxon signed
rank test). SD = standard deviation.
postsurgical adhesion prevention have been evaluated. 
To date, many clinical and animal trials have essayed 
multiple adjuvants, such as interleukins, corticosteroids,
nonsteroidal anti-inflammatory drugs, lactated Ringer’s
solution, dextran, antihistamines, saline, anticytokine
agents, nitric oxide, hyaluronic acid, octreotide, platelet-
activating factor receptor antagonists, polyanionic polysac-
charides and physical barriers, to prevent intraabdominal
adhesion formation.19,22,23 One of which is H/CMCm
that is shown to reduce intraabdominal adhesions in both
animals and humans.8,10
Our study demonstrated that H/CMCm, which was
reported to be an effective antiadhesive agent, reduced
adhesion formation in the first postoperative week on rat
caecal abrasion model. Nevertheless, there was no statisti-
cally significant difference in adhesions between groups
on postoperative day 15. Results also showed that the
presence of powder on surgical gloves promoted increased
peritoneal adhesions on postoperative day 7. Compared
with powdered gloves, adhesion formation was dimin-
ished with the use of powder-free gloves. However, by
postoperative day 15, there was no difference in adhesions
between all groups. These findings may be related to
adhesion formation/reformation duration. The most
important step in this period is the inflammation phase
that is seen in the first week. The inflammation phase due
to neutrophil migration and fibrin formation on the
damaged peritoneal surfaces affect adhesion formation
in the first week.2 If this can be controlled in the first
week, then adhesion formation may be reduced. The for-
mation of dense adhesions reduce in the second week 
due to migration of the macrophages and remodelling.2
Starch powder contact with damaged peritoneal surface
increases inflammation and adhesion formation as seen
in this study. However, H/CMCm blocks the connection
of the damaged peritoneal surfaces and adhesion 
formation in the inflammation phase in the first week.
This study showed that powder-free gloves may be as
effective as H/CMCm under normal surgical conditions
except for the increased adhesion formation in patients
who have had repeated surgery, inflammation, infections
and perforations. Our experiment also showed that the
use of powder-free gloves may be as beneficial as Seprafilm
in preventing postoperative adhesion formation. Since
good powder-free alternatives are available, the use of
powdered gloves during abdominal surgery needs to be
justified.
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